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I. Basis of th report 

-^^With^egarcWo^K^ 

the receiving Office in response to an invitation under Article 14 are referred to in this report as "originally filed" 
and are not annexed to this report since they do not contain amendments (Rules 70. 16 and 70. 1 7))\ 
Description, pages: 

1 -38 as originsl.ly fxled 

Claims, No.: 

1 -1 2* as received on 1 6/1 1/2001 with letter of 09/1 1/2001 

Drawings, sheets: 

1"7 as originally filptf 



2. With regard to the language, all the elements marked above were available or furnished to this Authority in the 
language in which the international application was filed, unless otherwise indicated under this item. 

These elements were available or furnished to this Authority in the following language: , which is: 

□ the language of a translation furnished for the purposes of the international search (under Rule 23.1 (b)). 

□ the language of publication of the international application (under Rule 48.3(b)). 

□ the language of a translation furnished for the purposes of international preliminary examination (under Rule 
55.2 and/or 55.3). 

3. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the 
international preliminary examination was carried out on the basis of the sequence listing: 

□ contained in the international application in written form. 

□ filed together with the international application in computer readable form. 

□ furnished subsequently to this Authority in written form. 

□ furnished subsequently to this Authority in computer readable form. 

□ The statement that the subsequently furnished written sequence listing does not go beyond the disclosure in 
the internat i onal app li cat i on as fi l ed has been furn i shed . 

□ The statement that the information recorded in computer readable form is identical to the written sequence 
listing has been furnished. 

4. The amendments have resulted in the cancellation of: 

□ the description, pages: 

□ the claims, Nos.: 
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□ the drawings, sheets: 



5. □ This report has been established as if (some of) the amendments had not been made, since they have been 

considered to go beyond the disclosure as filed (Rule 70.2(c)): 

(Any replacement sheet containing such amendments must be referred to under item 1 and annexed to this 
report.) 

6. Additional observations, if necessary: 



V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability; 
citations and explanations supporting such statement 

1. Statement 



Novelty (N) 


Yes: 


Claims 


2,3,6-1 1 




No: 


Claims 


1,4,5,12 


Inventive step (IS) 


Yes: 


Claims 


3,6-1 1 




No: 


Claims 


2 


Industrial applicability (IA) 


Yes: 


Claims 


1-12 




No: 


Claims 





2. Citations and explanations 
see separate sheet 



VII. Certain defects in the international application 

The following defects in the form e? contents of the international application have been noted: * 
see separate sheet 

VIII. Certain observations on the international application 

The following observations on the clarity of the claims, description, and drawings or on the question whether the 
claims are fully supported by the description, are made: 
see separate sheet 
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Re It rn V 

Reasoned statemenHinderArticle 35<2ywlth regarcTto nov^f^m^ntive^rp' 1 or 
industrial applicability; citations and explanations supporting such statement 

1.1 Reference is made to the following documents : 

D1: EP-A-0 878 729 (SHARP KK) 18 November 1998 (1998-11-18) 

D2: US-A-5 930 01 2 (MEARS ROBERT JOSEPH ET AL) 27 July 1 999 

Note: The references in brackets {..} relate to passages in the present application. 



2. Objection according to Article 33(2), PCT - Lack of novelty 

2.1 Document D1 teaches an optical device (see the Title) comprising an integrated 
multiphase spatial light modulator (SLM) (cf. Figs. 7, 8 & 9) for spatial phase 
modulation (cf. column 10, lines 13-17) of unpolarised light (see the Title), the 
modulator comprising a substantially planar liquid crystal layer (ref. 18 in Figs. 7-9), 
a layer reflective of said light (ref. 15 in Figs. 7-9) and a wave-plate layer providing 
an optical retardance of (2n+1)A/4 (ref. 16 in Figs. 7-9 and col. 7, lines 5-9), wherein 
said LC layer has two opposed faces (see Fig. 7-9) and is disposed and configured 
to provide an out of plane tilt in response to a voltage applied between said faces (cf . 
Fig. 9 and column 10, lines 5-11) and wherein said LC layer (18) is spaced from the 
reflective layer (15) by the wave plate layer (16, see Figs. 7-9), the SLM comprising 
an integrated array (cf column 8, lines 53-56) of phase modulating elements (colulnn 
10 lines 13-17) and voltage application circuitry (cf. the implicitly present circuitry that 
provides the voltages V1-V3 in Fig. 9) for applying desired voltage across the LC 
layer whereby the LC layer has desired values of out of plane tilt (column 10, lines 
5-17) 

wherein the modulator comprises an array of electrodes (the "reflecting addressing 
electrodes" 15 in Figs. 7-9 form an array of electrodes), each of the electrodes being 
associated with a respective portion of the LC layer to define said phase modulating 
element (see portions 40, 41, 42 in Fig. 9), the electrodes being such that application 
of voltage to each electrode causes the portion of the LC layer associated with said 
electrode to have a specific value of said out-of-plane tilt (see Fig.9 and column 10, 
lines 28-39) and wherein the voltage application circuitry is adapted to apply voltages 
to said array of electrodes (see Fig.9 and column 10, lines 28-39). 
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Furthermore, D1's optical device can be used for varying a deflection angle of the 
lighf as stated column 10, line 17. 

Each feature of claim 1 having a counterpart in D1, the subject matter of claim 1 is 
not new. 

Comment 1 : using D1's device for beam steering is suggested throughout D1's 
disclosure (see e.g. C1, L7-10; C2, L 11-16, C4, L51-56; C10, L 5-17...). 
Comment 2 : in D1, a "further embodiment" (cf. Fig. 10) is shown that uses two sets 
of interdigitated addressing electrodes. This "further" embodiment differs from the 
device anticipating present claim 1 and sketched Figs. 7-9. 

Comment 3 : in D1, column 8, lines 53-56 merely states that Figs. 7&8 show one 
array of the rectangular pixels of the modulator, each pixel being associated and 
activated by its corresponding electrode 1 5. 

Comment 4 : Fig. 9 in D1 shows a specific value of tilt for each portion of LC (see 40- 
42) associated with an electrode (15) (cf. also column 10, lines 28-39). 
Comment 5 : in D1, the fixed pitch grating (i.e the electrode - electrode distance) 
allows, in use , the modulator to vary the deflection angle of incident light for the same 
reason that the present optical device deflects the light with also a fixed pitch grating 
{cf. "1 pixel" distance in Fig. 5 in the present application}. 

2.2 The following additional features are also present in D1> 

* the liquid crystal is a nematic crystal layer (col. 7, line 13) {claim 4}; t 

* the LC layer is a PI cell (cf. Fig. 16 and col. 13, lines 17-26) {claim 5}; 
Therefore, the subject matter of claims 4 and 5 lacks novelty. 

2.3 Similar arguments as those mentioned in §2.1, above, apply also for the subject 
matter of method claim 12/11 (cf. §7.3 below), which, therefore, is also not novel. 



3. Objections according to Article 33(3) PCT - Lack of inventive step. 

3.1 Document D2 is now considered. D2 discloses in an example not drawn (see first 
example, col. 2, lines 7-17) an optical switch with two SLMs (this switch in D2 is the 
two SLMs version of the second example having the folded layout drawn in Fig. 4). 
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This switch comprises input and output optical fibres (col. 2, lines 27-32), two SLMs 

^coT. 2, lines f^17yonto wf^hl^lograms are addressed for coupn?Tg~selectecl "inputs 

to selected outputs (col. 1, lines 62-67 and col. 5, lines 43-51). 

Although the SLMs used in D2 are already polarisation insensitive (see the abstract), 

it would have been advantageous for the skilled person to replace D2's transmissive 

SLM with the reflective SLM disclosed in D1, because of the generally greater 

integration (through a better filling factor) achieved by reflective SLMs. 

Such a combination would therefore led the skilled person to achieve the subject 

matter of claim 2 without the exercise of inventive skill. 



4. The additional feature of claim 3 that input and output optical fibers are off-normally 
directed on respective SLM is not present in the prior art to hand. Furthermore, no 
motivations can be found in the available prior art to add this feature. 
As to the subject matter of claim 6 when made dependent of claim 2, the addition of 
a half wave plate between the SLMs is also not present in and cannot be hinted at 
from the prior art to hand. 

Therefore, the subject matter of claims 3-10/10, 11/10 (cf. §7.3 below) fulfils the 
requirements of Articles 33(2) and 33(3), PCT. 



5. The industrial applicability (Article 33(4) PCT) is clearly present for the subject matter 
of all the claims. 
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R It mVII 

Certain defects in ffie international application 

6.1 The features of the claims are not provided with reference signs placed in 
parentheses (Rule 6.2(b) PCT). 

6.3 Contrary to the requirements of Rule 5.1 (a)(ii) PCT, the relevant background art 
disclosed in the cited documents is not mentioned in the description, nor are these 
document identified therein. 

6.4 The description is not clear in the following respect :- 

* In the description (cf. p. 20..) the "second lens" is referenced 151 although in Figs. 
9 & 10 it is referenced 152; and, 

* In the description (cf. p. 21..) the reference number 153 (corresponding to the 
microlens array) does not have any counterpart in the drawings. 

Re Item VIII 

Certain observations on the international application 

The following claims do not meet the requirement of Article 6 PCT in that the subject 
matter for which protection is sought lacks clarity, conciseness or is not fully supported by 
the description:- 

7.1 Although claims 1 and 2 are related to an optical device, the last expression of each 
claim refers to a reconfigurable routing device which routing device hints at multiple 
input / output ports not stated in these claims. This inconsistency renders the nature 
of claimed object unclear and these expressions have not been taken into account 
in this report. 

7.2 In both independent claims, it has been assumed that the optical retardance is of 
(2n+1)A/4. 

7.3 It appears that a numbering error is present in the present set of claims (claim 10 is 
present twice). Therefore, in this report, the last three claims are referenced 10/10, 
11/10, and 12/11. 
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Claims 

1. An optical device comprising an integrated multiphase spatial light 
modulator for spatial phase modulation of unpolarised light of a predetermined 
wavelength, the modulator comprising a substantially planar liquid crystal layer, a 
layer reflective of said light of said wavelength and a wave-plate layer providing 
an optical retardance of (2n+1)/4, wherein said liquid crystal layer has two 
opposed faces and is disposed and configured to provide an out of plane tilt in 
response to a voltage applied between said faces and wherein said liquid crystal 
layer is spaced from the reflective layer by said wave-plate layer, the spatial light 
modulator comprising an integrated array of phase modulating elements and 
voltage application circuitry for applying desired voltages across the liquid crystal 
layer whereby the liquid crystal layer has desired values of out of plane tilt; 
characterised in that : 

the modulator comprises an array of electrodes, each of the electrodes being 
associated with a respective portion of the liquid crystal layer to define a said 
phase modulating element, the electrodes being such that application of voltage 
to each electrode causes the portion of the liquid crystal layer associated with the 
said electrode to have a specific value of said out-of-plane tilt; and: 
the voltage application circuitry is adapted to apply voltages to said array of 
electrodes for varying a deflection angle of said light whereby said optical device 
is a reconfigurable routing device. i 

2. An optical device according to claiml, wherein said integrated multiphase 
spatial light modulator is a first SLM and further comprising a second said 
integrated multiphase spatial light modulator disposed with respect to the first 
SLM so as to be capable of receiving light from said first SLM to form a 
reconfigurable routing device. 

3. An optical device according to claim 2, having a first array of optical fibres 
forming light sources directed to be off-normally incident on the first SLM and a 
second array of optical fibres forming light receivers directed to be off-normally 
incident on the second integrated multiphase spatial light modulator for receiving 
light from the second integrated multiphase spatial light modulator. 
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4. An optical device according to any preceeding claim, wherein said liquid 
crystal layer is a nematic liquid crystal layer. 

5. An optical device according to any one of Claims 1 - 3 f wherein said liquid 
crystal layer is a pi-cell. 

6. An optical device according to Claim 2 or 3, in which a half wave plate is 
disposed between said first and second spatial light modulators. 

7. A routing switch comprising an optical device according to Claim 3, and 
drive circuitry for forming a respective plurality of switching holograms on each 
spatial light modulator, each switching hologram on said first spatial light 
modulator in use being operative to deflect light incident on said first spatial light 
modulator to said switching holograms on said second spatial light modulator, 
and each said switching hologram on said second spatial light modulator in use 
being operative to deflect said light beams to a respective optical reciever. 

8. A routing switch according to Claim 7, wherein the switching holograms 
are spaced apart on said first and second spatial light modulators and the first 
and second spatial light modulators are disposed such that a respective zero- 
order beam reflected from each switching hologram on said first spatial light £ 
modulator is incident on a spacing between two adjacent switching holograms on 
said second spatial light modulator. 

9. A routing switch according to Claim 8, wherein a half wave plate is 
disposed between said first and second spatial light modulators. 

10. A routing switch according to Claim 7, wherein the first and second spatial 
light modulators are mutually offset so no zero-order beams from the first spatial 
light modulator are incident on the second spatial light modulator. 

10. A routing switch according to Claim 7, wherein the switching holograms 
are spaced apart on said first and second spatial light modulators, and the first 
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and second spatial light modulators are disposed such that a respective second- 
order beam from each switching hologram on said first spatial light modulator is 
incident on a space between two adjacent switching holograms on said second 
spatial light modulator. 

11. A method of routing a light beam having a first component polarised in a 
first direction and a second component polarised in a second direction orthogonal 
to the first, the method comprising: 

providing an integrated SLM comprising a liquid crystal layer, a wave plate layer 
having an optical retardance of (2n+1)/4 and a reflector layer, the liquid crystal 
being responsive to a variation in a drive voltage to provide a variation in out-of- 
plane director angle tilt, the SLM having an array of electrodes wherein each 
electrode is associated with a respective portion of the liquid crystal layer to 
define a phase modulating element whereby the SLM comprises an array of 
phase modulating elements; 

applying a respective drive voltages to each said electrode whereby the portion 
of liquid crystal associated with the electrode has a respective specific value of 
director angle tilt; 

applying said beam to the integrated SLM whereby the first and second 
components each pass through the liquid crystal layer and the wave plate layer, 
and are reflected at the reflector layer to again pass through the wave plate layer 
and liquid crystal layer to emerge with both components phase modulated by the 
same amount; and 

controlling the drive voltages to vary a deflection of said light beam due to said 
array of phase modulating elements. 
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Claims 

1 . An optical device comprising an integrated multiphase spatial light 
modulator for spatial phase modulation of unpolarised light of a predetermined 
wavelength, the modulator comprising a substantially planar liquid crystal layer, a 
layer reflective of said light of said wavelength and a wave-plate layer providing 
an optical retardance of (2n+1 )/4, wherein said liquid crystal layer has two 
opposed faces and is disposed and configured to provide an out of plane tilt in 
response to a voltage applied between said faces and wherein said liquid crystal 
layer is spaced from the reflective layer by said wave-plate layer, the spatial light 
modulator comprising an integrated array of phase modulating elements and 
voltage application circuitry for applying desired voltages across the liquid crystal 
layer whereby the liquid crystal layer has desired values of out of plane tilt; 
characterised in that : 

the modulator comprises an array of electrodes, each of the electrodes being 
associated with a respective portion of the liquid crystal layer to define a said 
phase modulating element, the electrodes being such that application of voltage 
to each electrode causes the portion of the liquid crystal layer associated with the 
said electrode to have a specific value of said out-of-plane tilt; and: 
the voltage application circuitry is adapted to apply voltages to said array of 
electrodes for varying a deflection angle of said light whereby said optical device 
is a reconfigurable routing device. 

2. An optical device according to claiml, wherein said integrated multiphase 
spatial light modulator is a first SLM and further comprising a second said 
integrated multiphase spatial light modulator disposed with respect to the first 
SLM so as to be capable of receiving light from said first SLM to form a 
reconfigurable routing device. 

3. An optical device according to claim 2, having a first array of optical fibres 
forming light sources directed to be off-normally incident on the first SLM and a 
second array of optical fibres forming light receivers directed to be off-normally 
incident on the second integrated multiphase spatial light modulator for receiving 
light from the second integrated multiphase spatial light modulator. 
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4. An optical device according to any preceeding claim, wherein said liquid 
crystal layer is a nematic liquid crystal layer. 

5. An optical device according to any one of Claims 1 - 3, wherein said liquid 
crystal layer is a pi-cell. 

6. An optical device according to Claim 2 or 3, in which a half wave plate is 
disposed between said first and second spatial light modulators. 

7. A routing switch comprising an optical device according to Claim 3, and 
drive circuitry for forming a respective plurality of switching holograms on each 
spatial light modulator, each switching hologram on said first spatial light 
modulator in use being operative to deflect light incident on said first spatial light 
modulator to said switching holograms on said second spatial light modulator, 
and each said switching hologram on said second spatial light modulator in use 
being operative to deflect said light beams to a respective optical reciever. 

8. A routing switch according to Claim 7, wherein the switching holograms 
are spaced apart on said first and second spatial light modulators and the first 
and second spatial light modulators are disposed such that a respective zero- 
order beam reflected from each switching hologram on said first spatial light 
modulator is incident on a spacing between two adjacent switching holograms on 
said second spatial light modulator. 

9. A routing switch according to Claim 8, wherein a half wave plate is 
disposed between said first and second spatial light modulators. 

10. A routing switch according to Claim 7, wherein the first and second spatial 
light modulators are mutually offset so no zero-order beams from the first spatial 
light modulator are incident on the second spatial light modulator. 

10. A routing switch according to Claim 7, wherein the switching holograms 
are spaced apart on said first and second spatial light modulators, and the first 
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and second spatial light modulators are disposed such that a respective second- 
order beam from each switching hologram on said first spatial light modulator is 
incident on a space between two adjacent switching holograms on said second 
spatial light modulator. 

11. A method of routing a light beam having a first component polarised in a 
first direction and a second component polarised in a second direction orthogonal 
to the first, the method comprising: 

providing an integrated SLM comprising a liquid crystal layer, a wave plate layer 
having an optical retardance of (2n+1 )/4 and a reflector layer, the liquid crystal 
being responsive to a variation in a drive voltage to provide a variation in out-of- 
plane director angle tilt, the SLM having an array of electrodes wherein each 
electrode is associated with a respective portion of the liquid crystal layer to 
define a phase modulating element whereby the SLM comprises an array of 
phase modulating elements; 

applying a respective drive voltages to each said electrode whereby the portion 
of liquid crystal associated with the electrode has a respective specific value of 
director angle tilt; 

applying said beam to the integrated SLM whereby the first and second 
components each pass through the liquid crystal layer and the wave plate layer, 
and are reflected at the reflector layer to again pass through the wave plate layer 
and liquid crystal layer to emerge with both components phase modulated by the 
same amount; and 

controlling the drive voltages to vary a deflection of said light beam due to said 
array of phase modulating elements. 
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